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Orthopoxvirus Strains Defective in Surface Antigen Induction (Accepted 8 March x979) SUMMARY Various strains of vaccinia, variola, whitepox, monkeypox and cowpox viruses were examined for their capacity to induce a specific early antigen detectable on the surface of infected cells. The Elstree strain of vaccinia, two strains of variola minor and white variants of cowpox and monkeypox viruses lacked the capacity to induce the antigen. Variation of the parent cowpox and monkeypox viruses to white variants was always accompanied by the loss of the antigen-inducing capacity.
A specific antigen was found on the surface of vaccinia-infected cells before the start of virus DNA synthesis by immunofluorescence or mixed agglutination (Miyamoto & Kato, 1968; Ueda et al. I969) . The specific antibody directed to this antigen(s) (to be referred to as ES antigen) was prepared by immunizing rabbits with rabbit kidney cells infected with a conditional lethal mutant of vaccinia virus or soluble ES antigen preparation obtained from HeLa cells infected with the mutant (Ueda et al. I972; Ueda & Tagaya, I973) . Immune globulin prepared by this method could stain ES antigen of vacciniainfected cells when labelled with fluorescein isothiocyanate, but not virus inclusions in the cytoplasm of acetone-fixed cells. The immune serum did not contain detectable neutralizing antibody against vaccinia virus, but fixed complement when reacted with the ES antigen preparation from vaccinia-infected cells. Ito & Barron 0972) reported that a strain of vaccinia virus, VI-olo, was defective in surface antigen production as revealed by negative mixed agglutination of Vr-om-infected HEp-2 cells with an ES-specific rabbit immune serum prepared in our laboratory. Their findings were confirmed in our laboratory and we were informed by Dr Ito that the Vi-oIo strain which they had received from CDC, Atlanta, U.S.A., had originated from the Elstree (Lister) strain after many passages through the rabbit skin, chorioallantoic membrane (CAM) of chick embryos and various cultured cells. We confirmed that the Elstree strain also failed to induce ES antigen. This led us to examine various strains of orthopoxvirus for their capacity to induce ES antigen, because we had observed previously that some strains of cowpox and monkeypox viruses induced ES antigen in infected cells (Ueda et al. 1969) .
The virus strains used are listed in Tables I and 2 (Tsuchiya & Tagaya, 1972) . Monkeypox Copenhagen and SEN-I9 were received from Dr E. K. Andersen (Statens Serum Institut, Copenhagen, Denmark) and Dr S. S. Kalter (Southwest Foundation for Research and Education, San Antonio, U.S.A.) respectively. The other monkeypox strains as well as a strain of whitepox were gifts from Dr R. Gispen (Rijks Instituut voor de Volksgezondheid, Bilthoven, The Homogenates of infected CAMs were prepared in phosphate-buffered saline (PBS), pH 7"4, containing o.2 ~ gelatin (I ml per CAM) and clarified by centrifugation at 300o rev/min for I5 min. Plaque-forming units (p.f.u.) of a virus preparation were determined in chick embryo cell cultures, except for variola and whitepox viruses which were titrated in JINET cell (a cell line derived from a cynomolgus monkey kidney) cultures as described elsewhere (Tsuchiya & Tagaya, I97O) . A hyperimmune rabbit serum was prepared with the DI strain Short communications of vaccinia virus and. labelled with fluorescein isothiocyanate as described previously (Ueda et al. I969) . The preparation of specific rabbit immune sera against the ES antigen was described in a previous report (Ueda & Tagaya, I973) . Coverslip cultures of HeLa cells were infected with an appropriate dilution of virus and fed with serum-free medium with or without cytosine arabinoside (CA) at 2o #g/ml. At intervals, samples of the cultures were harvested, rinsed with PBS and stained with labelled anti-vaccinia globulin. Acetone-fixed preparations of infected cultures without CA served as controls to check the adequacy of the multiplicity of infection. Complement-fixation test (CF) was carried out in a microtray for each stock virus against an anti-ES rabbit serum as well as an anti-vaccinia (DI) hyperimmune rabbit serum. Neither serum reacted with normal CAM homogenate and the anti-ES serum did not react with Elstree virus preparations either from infected CAMs or from infected cell cultures. When HeLa cells infected with a virus under the medium containing CA did not show typical surface immunofluorescence and the stock virus did not react in CF with an anti-ES rabbit serum, the virus was considered as negative for ES antigen induction. In some cases in which a definite conclusion could not be made, mixed agglutination was carried out to confirm S-type agglutination as described by Ito & Barron (1972) .
As shown in Table I , vaccinia virus strains were all ES antigen-positive except the Elstree and its derivative strains. Among several strains of variola virus, two variola minor strains were defective in inducing the antigen. Monkeypox strains from either animals or humans induced the antigen. As was the case with cowpox virus, white variants picked up from pocks produced by the Copenhagen strain of monkeypox were defective. One strain of whitepox virus was also ES antigen-positive. Table 2 shows the results with cowpox strains and their white variants. All the original cowpox strains examined induced the antigen. When we examined a white variant of the Brighton strain, immunofluorescence indicated that the virus was defective. By CF, however, the CAM homogenate was anticomplementary at a dilution of I:I6. Mixed agglutination using an anti-vaccinia hyperimmune rabbit serum confirmed the single cell type agglutination. The results suggested that variation from the parent cowpox virus to white variants may be accompanied by the loss of the capacity to induce the antigen. Therefore, white variants were picked from various strains of cowpox virus and it was clearly shown that all the parent strains were ES-antigen positive, while their white variants were always defective. When the stock virus of a white variant was strongly anti-complementary or the infectivity was very low, negative immunofluorescence was confirmed by mixed agglutination.
The present results indicate that the induction of the ES antigen in infected cells is rather a common phenomenon among various orthopoxvirus strains. Variation from the parent virus to white virus in cowpox and monkeypox was always accompanied by the loss of the capacity to induce the antigen. Rondle & Dumbell 0962) reported that one of the cowpox soluble antigens detectable by gel-diffusion, component d, is not produced in white cowpox infections. They stated that vaccinia virus soluble antigens also did not contain this component, but its production in vaccinia infection can be inferred only from the presence of small amounts of anti-d in anti-vaccinia sera. They used the Brighton strain of cowpox and the Elstree strain of vaccinia. Our results were in accordance with theirs in that the ES antigen was also missing in cells infected with the Brighton white or Elstree, while it was shown in cells infected with the parent Brighton virus, suggesting that the ES antigen might be identical to the d component. Studies to clarify this point have also been carried out and the results will be reported elsewhere.
